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Ilpo sa^any KojiMoropoBa na KJiacax aGcojiioTHO mohotohhhx 
(J jyHKpiH, KpaTHO MOHOTOHHHX (JjyHKpiH, Ta 11 3 b’h 30K 3 HpoGjIGMOK) 

MOMGHxiB MapKOBa 

B. 3>. Ba6GHKo, K). B. Ba6GHKo, O. B. KoBajiGHKo 
1 IIocTaHOBKa Ba^ani 

r G N noKjia;];eMo := LooCR^) f] || • || := || • ||l^(r_). Mh posrjiHflaeMo aa^any 

KojiMoropoBa y HacTynniH nocTaHOBpi. 

3a/i,aHa 1 (Sa^ana KojiMoroposa) Hexau aadano kauc ^yuKii^iu X C i doeiAbua cu- 

cmeMa d yiAux hucca 0 < ki < k 2 < ■ ■ ■ < < r. Snaumu neodxidm ma docmamm yMoeu na cu- 

cmeMy dodamnux hucca , • • •, ^ah mozo, tyod zapanmyeamu imyeanHA ^yuKyii x & X 

maKoi, tyo 

= Mfc., i = 1,... ,d. 

JXnii d € N i pijiHX hhcbji 0 < ki < k 2 < ■ ■ ■ < kd < r noKjia;];eMO k := {ki,..., kd), : = 

cJjyHKpii' X (z X noKjia;];eMo 

Mk(x) := (Mk^ix),.. . ,Mfc^(x)), 

Mfc.(x) = i = l,...,d. 

OsHaneHHH 1 EydeMO nasueamu nadip uuceA flonycxHMHM dAA KAacy X C AKtyo 

icnye (pyuKyin x £ X maKa, lyo = M^., i = 1,2,... ,d (ado diAbiu KoporriKO M\^{x) = Mkj. 

MnoJKHHy Bcix HenyjibOBHX ;];onycTHMHX Ha6opiB mh 6y;],eMO noaHanaTH nepea ^k(^)- 
B HaBe;],eHHX noaHaneHHHX aa/;aHy KojiMoroposa MOJKHa cfJaopMyjirosaTH HacxynHHM hhhom. 

aaflanoro Kjiacy (JjyHKpift X C i flOBijiBHoi cHcxeMH d pijiHx hhcbji k oxapaKxepn- 

ayaaxH MHOJKHHy ^k(^)- 

Mh xaKOJK poarjiH/i,aeMO aa.i],aHy KojiMoroposa b ;];eHi;o inmoMy (JjopMyjiiOBaHHi. 

Saflana 2 (3a/i,aHa KojiMoroposa (ajiBxepnaxHBHe cJjopMyjiKtBaHHa)) /I^aa KAacy pyunym 

X c 

1 doeiAbHoi cucmcMU d yiAux hucca k SHaumu ’’MmiMaAbuy” MHOotcuny Fi^{X) C X many, lyo 

Ak(X) = {Mk(x):x€Fk(X)}. 

Icxopiio HHxaHHH xa orjiH. 1 ], Bi.i],oMHx peayjibxaxiB MOJKHa anaiixH b cxaxxi [T]. 

2 ^OHOMincHi pGByjibxaTH 

B H,bOMy nyHKxi mh HaBe.i],eMO HeoGxiflni hhm y no/i,ajibHioMy oaHaneHHH xa peayjibxaxH, nos’aaaHi a 
poas’aaKOM npo6aeMH MOMeaxis MapKOBa. KaacHani peayabxaxH y pin npo6aeMaxHii,i Moacna anaHXH 
y MOHorpacjaiax [3H5]. 

OaHaaeHHH xa peayabxaxH, axi Micxaxbca b ,n;aHOMy nyHKxi, ccJjopMyabosaHi y xepMinax i cJ^opMy- 
aioBaHHa 6aHabKHX ;];o xhx, h;o BHKopHcxoByroxbca y MOHorpacJjii [5], raaBH 2 xa 5. 
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OsHaHeHHH 2 CucmeMa ^yuKv^iu ui,...,Un Hasueaembcn He6umoecbKOK) na [0,cx)), HKiyo ^yuKyii 
ui,... ,Un Henepepeni na [0, oo) i 

det [\\ui{tj)\\lj^^] > 0 

npu doeiAbHOMy eu6opi monoK 0 < ti < ... < tn < oo. 

Saflana 3 (IIpoGjieMa MOMeHTie MapKoea) Hexail sadano He6umoecbKy na [0, oo) cucmeMy (fiyn- 
Kyiu ui,... ,Un. Snaumu neoSxidm ma docmamm ymoeu na Ha6ip hucca c = (ci,..., Cn) € M”, Oaa 
mozo, mo6 zapanmyeamu icHyeauHA ^ynnyii a 3 mhomcuhu T> neeid ’bmhux necnadnux (fiyHKyiu o6Me- 
oiceHoi eapiayn, manoi, lyo 

OO 

Ck = j Ukit)da{t), k = 1,... ,n. (1) 

0 

3ayBa:»ceHH5i 1 Y ^opMyAJoeauni aadani euui^e possAndanyrnhcn miA'bKu mi ^ynnyii a G T), d/i^ hkux 
inmespaAu e © e adcoAmniHO sdiMCHUMU. 

OsHaneHHH 3 UosHauuMo uepes 

.Adn — AA (tti, . . . , 'Un) 

MHOMCUHy ecix moHOK (ci,... ,Cn) G K”, Oaa akux icnye (fiyuKyin fi € P maKa, lyo euKOHywmbcn 
pieHocmi ©• 

CnpaBe/];jiHBa nacTynna TeopeMa. 

TeopeMa 1 Hexail na [0,oo) aadano cucmeMy uenepepeHux ^yuKyin {uk}k=i (‘n^ o6oe’A3Koeo ue6u- 
moecbKy). Todi MOMCumnuu npocmip M{ui,..., Un) cnienadae 3 onyKAUM KonycoM, HamnzHymuM na 
nidMHOMCUHy 

Cn = C(ni, ...,Un):= ... ,Unit)), t € [0, oo)} 

MOMcnmuozo npocmopy AA{ui,... ,Un), uj,o nopodofcyembCA mouKoeuMU MipaMU. 

3 TeopeMH [1] i TeopeMH KapaTeo/i,opi cjii^ye, mo KOJKHa TOHKa s mhojkhhh Ad[ui,... ,Un) Mo>Ke 
6yTH npeflCTaBjiena y BHrjiH/i,i jiiniliHoi' KOM6iHaLi;ii ne dijitme nijK n + 1 tohok KpHBoi C{ui,... ,Un). 
TaKHM HHHOM, flOBijIBHy TOHKy C G AAn MOJKHa npeflCTaBHTH y BHrjIHfli 

m 

c = aku(tk), m < n + 1, (2) 

k=l 

0 < ti < ... < tm, ak > 0, k = 1,... ,m i u{t) := {ui{t),U 2 {t),, Un{t)). 

OaHaneHHH 4 Hucax tk, k = 1,... ,m 3 pienocmi m MU dydcMo Ha3ueamu KopeuAMu npedcmaeAc- 
HHA (j2|). 

3ayBa:aieHH5i 2 V eunadny, koau cucmcMa c^yuKyiu {uk}k=i 3adoeoAbHAe dcAKUM dodammeuM yMO- 
eaM, npedcmaeACHHA m MOMce Micmumu i Mcume uicHC n + 1 mouKy. /JocmamuiMU dAA ybozo yMO- 
eaMU e nacmynm: 

1. CucmcMU (pyuKyiH {uk'\'k=i * {^fc}fc=i ^ uedumoecbKUMU ua [0,oo). 

n 

2. Icuye noAiuoM u{t) = ^ akUk{t), lyo 3adoeoAbHAe yMoeaM u{t) > 0, t G [0,oo) i lim u{t) > 0. 

k=l t^QO 

3. lim 'Hddd _Q = \ ri — 1. 

t-^oo ’ ’ ’ 
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HaM 3Ha/];o6HTbCH HacTynne osHaHeHHH. 

OsHaneHHH 5 IndeKCOM /(c) mouKU c G A4n SydeMO nasueamu MmiMaAbuy KiAbKicmt> mouoK 
3 Cn, ■fiKi MOMcymb npedcmaeumu c ak onyKAy KOMSinayiK). Upu ybOMy mouKU ... ,Un{t)) 3 

t > 0 paxymmbCA 3a oduHuyw, a 3 t = 0 —3a noAoeuuy. 

5lKmo 4)yHKii;ii ui,... ,Un aa^OBOJibHHioTb yMosaM 3 3ayBajKeHHH [2l to cnpaBe^JiHBi HacTynni Te- 
opeMH. 

TeopeMa 2 HenyAboewu eenmop c HaAeatcumb zpanuyi dAin fl MOMenmnozo npocmopy Ain mo¬ 
di i miAbKU modi, koau /(c) < 

TeopeMa 3 Hexau c G int A/n- Todi icnye npedcmaeAeunn c indeKcy 

TeopeMa 4 Hexau c G int A4„. Todi dAH ecix i* > 0 icnye npedcmaeAennA eenmopa c indeKcy 
KopeneM hkoso e hucao t*. 

SayBaa^eHHH 3 Hexau aadano / G N i yiAi hucau 0 < ki < k 2 < ... < k^. Y noduAbmoMy mu dydeMO 
po3ZAAdamu miAbKU cucmeMU (fiynKyiu {ui}^^^ nacmynnozo euzAndy: Ui{t) = , i = 1,..., d. Y eu- 

nadKy /ci = 0 mani cucmeMU aadoeoAbnsimmb yMoeaM 3 3ayeaatceHHA\^ a omofce dAA nux cnpaeedAuei 
meopeMu [a0^[3 

/],OBefleHHH cnpaBe/i,jiHBOCTi yMOBH[T]3ayBajKeHHH[2]/i,jia CHCTeMH y BHna/i,Ky fei = 0 mIcthtbch 

y O rji. 1 §3], flBi mmi yMOBH BHKOHyioTbca oaeBHflHHM hhhom. 

3 Kjiac a6cojiK)THO mohotohhhx na M_ (J)yHKi],iH 

OanaHeHHH 6 HecKinuenno du^epenymoeny na M_ ^yuKyim 6ydeMO Ha3ueamu adcoArnmno moho- 
moHHOH), AKiyo eona i eci li noxidni neeid ’cMui na ]R_. Tepe3 AM (M_) mu dydeMO no3HaHamu KAac 
adcoAmmno Monomonnux na ]R_ ^ynKyiu. 

CnpaBe^jiHBe HacTynne inxerpajibne npe;;cTaBjieHHH a6cojiK)THO mohotohhhx (JjyHKpilt, ni,o 6yjio 
flOBe^eno BepniTeiiHOM |21. 

TeopeMa 5 Oynnyin x{t) e adcoAwmno MonomonnoH) modi i miAbKU modi, koau n Moatcna npedcma¬ 
eumu 3a donoMoeoH) inmezpaAbHozo npedcmaeACHnn 

poo 

x{t) = / e^'^df3{u), t G M_, (3) 

Jo 

de (3{u) — necnadna odMeatcena ^yuKyin. 

BiflMiTHMO, mo, B CHjiy OBHaneHHa, piBHOMipni HopMH a6cojiK)THO mohotohhoi na M_ cJ^ynKpii x{t) 
Ta 11 HoxiflHHX ;];oc5iraioTbCH y Toapi nyjib. B CHjiy iHTerpajibHoro npepcTaBjieHHH ([3]) pe OBHanae, ipo 
pjia A: = 0,1,... 

poo 

||xW|| =x(^)(0) = / u^d/3iu). 

Jo 

TaKHM HHHOM, CHpaBepjiHBa HacTynna TeopeMa, Hxa noKaaye sb’hsok po3B’H3Ky Bapani Kojimoto- 
poBa Ha Kjiaci a6cojHOTHO mohotohhhx (JiynKpin i npoGjieMH MOMeHxiB MapKOBa. 

TeopeMa 6 Hexau 3adaHo / G N, k = (0 < /i < A :2 < ... < k^)- Todi MHoatcuna Ak(j4M(M_)) 
donycmuMux dAR KAacy AM (M_) nadopie cnienadae 3 MOMenmnuM npocmopoM Ai,... 
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BiflMixHMo, mo TOHKOBa Mipa /3, uKa aocepe/iJKeHa y Tonpi a > 0 nopofljKye a6cojiK)THo MOHOTonny 
(JjyHKpilo e“*. HaM spyHHo poarjia^axH a6cojiioxHo MOHoxonni {]3yHKLi;ii e^, mo nopo/i,JKyexbC5i 

XOHKOBHMH MipaMH B XOHKaX 0“^, O > 0. 

OsHaHeHHH 7 QyHK'nim 

m 

(j){AM{W_),SL,X-t) := 

S = 1 

de Xs,as > 0, s = 1,... ,m, X = (Ai,..., Am), a = (ai, ■ ■ ■,Om) mu 6ydeMo nasueamu AM{W-) - 
ideuAbHUM cnnauHOM nopndKy r G N 3 m eysAUMU —ai,..., —am- 

Hkvu,o (f>{t) — ~ ideaAbHuu cnAauH 3 m eysAaMU i C > 0, mo ^yuKyim C + 4>{t) mu 

6ydeMO uaaueamu AM (]R_) - ideaAbuuM cuAauHOM 3 m + ^ eysAUMU. 

4 Kjiac KpaTHO mohotohhhm sa BijibHMCOHOM (JjyHKpiii 

Hepes L^oo(]K-) noanaHHMO Kjiac (JjyHKmli x G xaKHX, mo flJia k = 0,. • • , — 1 noxmni 

e HecnaflHHMH xa onyKjiHMH (flHB. [6]). 

BijibSMCOH [6] ;];oBiB Hacxynny xeopeMy. 

TeopeMa 7 y{t) G L^oo(M_) modi i miAbKU modi, koau 

y{t) = — f [(1+ ut)+]^d/3(M), t G M_, (4) 

Jo 

de (3{u) — Hecnadua odMeoKeua ^yuKyin. 

BmMixHMo, mo xoHKosa Mipa (3{t), mo aocepe^xceHa y xonpi a, a > 0 ^ae cJ^ynKpiio ^(1 + at)^. 
HaM 6yfle spyHHO po3rjiH/i,axH cJjyHKpiio -^^{a + mo nopo/];>Kyexbca xohkoboio Mipoio y xonpi 

OsHaneHHH 8 (DyuKyim 

- m 

0(LS)^^(M_),a,A;t) ^ A,(a, + i);, 

S=1 

de XsjOs > 0, s = 1,... ,m, X = (Ai,..., Am), a = (ai,..., Om) -mu dydeuo nasueamu Lji^oo(K_) - 
ideuAbHUM cuAauHOM nopndKy r G N 3 m eysAOMU —ai ,..., —Om- 

XlKiyo 4>{t) — L^oo(]K-) ~ ideuAbHuu cuAauH 3 m ey3AaMU i C > Q, mo (fiyuKyim C + <f){t) mu 
dydeMO Ha3ueamu Lj)i)^oo(IR-) - ideaAbuuM cuAauHOM 3 m + \ ey3AaMU. 

5 3b’h30k Mi:*; KjiacaMH i 

^jiH HHceji ai,.--,ad nepes diag(ai,..., a^) noanaHHMO Ksa/ipaxHy maronajibHy Maxpimio nopafl- 
Ky d 3 HHCjiaMH ai,...,ad na rojiOBHili maronajii. JX-Jin flanoro Bexxopa c G noanaHHMO nepea 
diag(ai,..., Ud) c peayjibxax MHOJxeHHH Maxpapi diag(oi,..., a^) na Bexxop-cxoBnepb c. ^Jia mhojkh- 
HH H C noKjia^eMo 

diag(ai, ...,ad)A:= {diag(ai, ...,ad)c: c G 4} . 

BpaxoByioHH npe;];cxaBjieHHH m, © i xoit 4)aKX, mo yci HopMH noxi^HHX nopH/];KiB ki,... ,kd y 
4)yHKu;iH 3 KjiaciB L^oo(]R-) i 4M(]R_) flocaraioxbCH b xonpi nyjib, mh oxpHMyeMO Hacxynny xeopeMy. 

TeopeMa 8 Hexau 3adaHo yiAi hucau 0<ki<k2<...<kd<r,\i = (fci,..., kd). Todi 

AUAM{R_)) = diag((r - fci)!,... , (r - kd)l)AUL:^,o.{^-)). 

3ayBa:HceHH5i 4 Hexau 3adaH0 eeKmopu a, A dodamuux hucca. Todi 

Mk((/>(HM(M_), a, A; t)) = diag((r - ki)l, ...,{r- kdy.)Mi,{(j){U^,^{R_),a, A; t)). 
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6 /],eaKi BjiacTHBOcxi i^eajiBHHX cnjianniB 

HacTynna jieMa BcxaHOBjiioe ^eHKi eKCTpeMajibHi BjiacTHBOcxi Bse^eHHX cnjiaHHis. 


JleMa 1 Hexau x € LjJ^oo(K-); 0 < /cq < < • • • < = r. Hexau Lj^oo(IK-) “ ideantnuu cnnauH 

4>{t) 3 He 6iAt>m mate [|] eysnaMu maKuu, vu,o z = 1,... ,2 ■ [|]. Todi 


^(fco) 


< 


n(fco) 


( 5 ) 


y eunadny nenapHozo d Mae Micye Hepiememb 




r) 


< 


.(»■) 


( 6 ) 


Hniyo 6 Hepienocmi ([5]) Mae Micye piememb, d — nenapne i e ([6]) Mae Micye piememb, ado criAauH (p 
Mae Meniue mofc [^] eysAie, mo 


^OBe^eHHH. Hexaft d napne. Tofli 2 • [|] = d. IlpHnycTHMO cynpoxHBHe, Hexali ^ i 

||a;;(^o)|| < ||i;/)(^o)||. rioKjia/ieMo A(t) := x{t) — (j){t). JXji5i xoro, ib;o 6 oxpHMaxH cynepeaHicxb, mh 6y/];eMO 
paxysaxH hhcjio smIh snaKy pisHHpi A(i) xa i"i noxi^HHX. 

ITepm sa Bce Bi/];MixHMO, ipo b CHjiy oanaHeHHH cnjiaftniB p, MaeMO = 0 (fle —ai — caMiilt 

jiisHH Byaoji cnjianna p). Kpiix xoro, > 0, i oxjkb mh oxpHMyeMO, ni,o A^^°\—ai) > 0. B 

CHjiy npHnym;eHHH 


A(*^o)('o) = - p^’^°\0) 


^(fco) 



< 0 . 


To/i,i icHye xoHKa € (—ai,0) xaKa, rpo < 0. KpiM xoro, A(^o+i)(_q,^) > ToMy 

icHye xoHKa ^ (“QijO) Taxa, in;o < 0. IloBxopioioHH anajioriHHi MipKysaHHa mh 

oxpHMaeMO, rpo ienye xoHKa € (—ai,0) xaxa, ipo < 0. KpiM xoro, A(^i)(-ai) > 0 

i A(^i)( 0) = 0 aa yMOBOio jicmh. TaKHM hhhom, icnyioxb xohkh —ai < < 0 xani, 

m;o < 0 i > 0. TaKHH poano;];iji anaKiB a6epejKexBCH flo piBHH k 2 fle, 

BpaxoByKJHH yMOBy ||x (^.)|| = ||<^(M|| i xoH (JjaKX, mo ]yjjj oxpHMaeMO icHyBanna xohok 

-ai < 4+1 < 4+1 < 4+1 < 0 xaKHx, mo < q, > 0, i < 

0. IlpoflOBJKyioHH anaaoriaHO, mh oxpHMaeMO, mo ienyroxb xohkh — ai < ^+i < ■ ■ ■ < ^+i < 0 

xaxi, mo (—^+i) > 0, z = 1,..., d, i xaK ppjii, ;];o piBHa r — 1. 

Ha pisHi r —1-i noxmHo'i icnyioxb xohkh —ai < < • • • < tf-i < 0 xani, mo ( —l)*A(^“^)(i®_i) > 

0, z = 1, 2,... , d. KpiM xoro, (“Oi) > 0- 

Tom Ha inxepBaai (—ai,t4i) ienye MHoacHHa S'o ;];o;];axHoi Mipn xana, mo Ai^i(t) < 0 flaa Bcix 
t € Sq. KpiM xoro, Bcix z = 1,... , d—1 na mxepsaai (A*_i, 4i) icnyioxb mhojkhhh Si C (t*_i, t^i) 
flo^axHoi MipH xaKi, mo ( —l)*Ai^i (t) < 0 Bcix t & Si. TaKHM hhhom (JiyHKpia A^’’^ (t) Mae ne Menme 
HijK d — 1 icxoxHHX aMin anany na (—ai,0). Aae H,e HeMoacanBO, ocKiabKH cnaaiiH p Mae ne Giabine 
HijK I ByaaiB i cJiyHKpia Moace aMinioBaxH anaK b Byaaax cnaafiHa p i ne 6iabme o^Horo paay 

Ha KOJKHOMy a iHxepsaaiB Miac ByaaaMH cnaaliHa p (i, KpiM xoro, aa yMOBoio aeMH ||</>^^^|| = ||xi’’i||). 
Mh oxpHMaaH cynepeHHicxb, a oxace aeMy y BHna/i,Ky napnoro d flose^eHO. 

Hexaft xenep d Henapne. Tom 2 • [^] = d — 1. Hpobo/ihhh MipKyBaHHH anaaorinno /],o HaBe^eHHX 
BHme, MH oxpHMaeMO cnpaBe^aHBicxb J^, npnnoMy piBHicxb nepiBHoexi Q MoacaHsa anme npn = 
pi^i), HKmo ||4)|| < II TO 3HOBy npoBo^HHH MipKyBaHHH anajioriHHo HaBe^ennx BHHi,e, mh 
oxpHMaeMO cnpaBe^jiHBicTB nepiBHoexi npHHOMy ai expoxHM anaKOM nepiBHoexi. JleMy .zi,OBe.z],eHO. 

BpaxoByioHH xeopeMH UEi sayBaHceHHH d] 3 xeopeM El Elia MH oxpHMyeMO Haexynm jieMH. 
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JleMa 2 Hexau sadano vflAi uucAa 0 = ki<k2<...<kii<r,\i = (/ci,..., k^)- Hexau X nosnauae 
oduH 3 KAucie LJ^oo(K-) 0,60 G dA]^{X){^A\^{X) modi i miAbKu modi, koau icnye X 

- ideaAbHuu cnAauH 3 ne diAbme niotc ey 3 AaMU maKuu, m,o 


Mk(</.) = Mk. (7) 

JleMa 3 Hexau 3adaH0 ymi hucao 0 = ki<k 2 <---<kd<r,\i. = {ki,..., kd) i X no3HaHae odun 3 
KAacie LJ^oo(R-) 0,60 AM(M-). Hexau maKoatc Mk € int^k(-^)- Todi icnye X - ideaAbnuu cnAaun 
(j){t) 3 ^ ey3AaMU maKuu, iu,o euKonyembcn (j7|). 

JleMa 4 Hexau eadano yiAi uucAa 0 = ki < k 2 < ... < kd < r, k = {ki,... ,kd) i X noenauae 
oduH 3 KAacie L^oo(R-) AM(S.-). Hexau maKootc Mk G int74k(X). Todi dAR ecix a* > 0 icnye 
X - ideaAbnuu cnAaun 3 ey3AaMU, odun 3 rkux 3naxodumbCR e mouyi a*, maKuu, bu,o 

euKonyembCR m- 

CnpasefljiHBi HacTynni jieMH. 

JleMa 5 Hexau eadano yiAi uucAa 0<ki<k2<---<kd<r,\i. = {ki, ..., kd) i X noenauae odun 3 
KAacie L^oo(R-) olSo ^M(M_). Hexau maKoatc Mk G (974k(X) P| Ak(JJ). Todi icnye X - ideaAunux 
cnAaun ij!)(t) 3 s < ey3AaMU, maKuu, ui,o euKonyemucR ([7]). 

/]|oBe/i,eHH5i. Hexaft (JjyHKpia x G X Taxa, 111,0 Mk(x) = Mk. 

Hexaft d = 2n + 1. Sri/iHo 3 jieMoio [2] icnye X - ifleajibHHfi cnjialiH 3 s < n = i C > 0 

Taxi, mo Mk((/> + C') = M-k_{x), /i,e K = (0, fci,... ,kd)- IJ,e osnanae, mo Mk(<?i) = Mk(x) i cnjialiH 4>{t) 
e inyxaHHM. 

Hexaft xenep d = 2n. To/];i 3ri,n;Ho 3 jieMoio [2] icnye X - i,n,eajibnHft cnjiaftn 3 s < n By3JiaMH 
TaKHft, mo = Mk(x). Hxmo s = n, TO p,jia Bcix C > 0, ormno 3 jieMoio El + C) G 

intHK(X), mo cynepenHTb yMOBi Mk G (9Hk(X) f] Hk(X). TaxHM hhhom s < n — 1 = [^^]. JleMy 
flOBe,i],eno. 


JleMa 6 Hexau eadano yiAi uucAa 0 < ki < k 2 < ■ ■ ■ < k 2 d < k = (ki, ..., k 2 d) i X noenauae odun 
3 KAacie LJ^oo(R-) (ido HM(M_). Hexau maKOMC Mk G intHk(X). Todi icnye X - ideaAunux cnAaun 
3 d ey3AaMU, maKuil, ui,o euKonyembcn jT]). 


^OBe,z],eHHH. y Bnna/i,Ky, kojih fci = 0, TBep/incenna jicmh o/];pa3y cjimye 3 jicmhE) 

Hexaft xenep ki > 0. Po3mnpnMO cncxeMy flo cncxeMn ;];e ko = 0. Hexaft fljia 

fleHKoi 4)yHKLi;ii x{t) G X Mae Micn,e Mk(x) = Mk G intHk(X). Tofli Bcix e > 0 


x|| + e, 


.(fci) 


o(^2d) 


G intHK(X), 


fle K = (0, /ci, /c2) • • •) k2d)- SacxocoByionn jieMyEl oxpnMaeMO icnyBanna nnceji C > 0 i X - meajiBnoro 
cnjiaftny (j){t) 3 d By3JiaMH xaKoro, mo + C) = Mk(x + e). U,e 03nanae, mo nnKonyexbca 

pinnicxb m- TeopeMy /i,OBe/i,eHO. 


JleMa 7 Hexau 3adano yiAi uucAa 0 < ki < k 2 < ■ ■ ■ < k 2 d+i < k = (ki, ..., k 2 d+i) i X no3nanae 
odun 3 KAacie Lji^oo(M_) ado HM(M_). Hexau maKoatc Mk G intHk(X). Todi dAR ecix a* > 0 icnye 
X - ideaAbnuu cnAaun 3 d + 1 ey3AOM, odun 3 rkux 3naxodumbCR e mouyi a* maKuil, ui,o 

euKonyembCR ©• 

^OBe,i];enna piei jieMH anajiorinne ;];o ;];oBeflenna jieMH El xijibKH 3aMicxb jieMH [3] cjim 3acxocoByBaxH 
jieMy m 
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3ayBa:a4eHH5i 5 Hexatt X nosHanae odun 3 KAacie a6o AM(R_). B yMoeax AeMu\^{a6o 

ACMul^ uepes (p{X, M^; t) 6ydeM0 nosHauamu X - ideaAt>Huu cnAauH 3 d (^eidnoeidno 3 ne diAbui hichc 
) ey3AaMU, dAH hkozo euKonyembCA ©• 

3ayBa:a4eHH5i 6 3 AeMu{l\ cAidye, lyo cnAauH (j){X,M\^]t) (eu3HaHeHuu y 3ayeaMceHHi\^ e edunuM. 

^jiH ;;oBe;];eHHH ochobhoi TeopeMH naivi 3 Ha/];o 6 HTbca HacTynna npocTa jieMa. 

JleMa 8 Hexau 3adaH0 uucAa a>f3>0,£>0i ^yuKyin X{t) : M_|_ —>■ M_|_. XKvyo dAA ecix docmarriH'bo 
ecAUKUx t > 0 X{t) ■t^>£, mo lim X{t) ■ t°‘ = +c». 

t —^~1~CXD 


7 Po3b’h30k 3a^aHi KojiMoropoBa na KJiacax AM{W_) xa L^^^(]R_) 

3 TeopeMH [H jieM[2]i[3]Ta sB’naKy mIjk KjiacaMH AM{R_) i -Lj^oo(R-) (TeopeMa|8|) o^pasy oxpHMyeMo 
po3B’a30K 3a;];aHi KojiMoropoBa yjin KjiaciB AM(M-) i Lj^oo(R-) y ajiBTepHaxHBHiii cJjopMi. 

TeopeMa 9 Hexau 3adaHo d € N z yiAi nucAa 0 = /ci < ^2 < • • • < fed < x, k = (fei,..., fed). Hexau 
X noenauae odun 3 KAacie L^oo(R-) o-do Todi 

FkiX) = ■|c' + 4>{X, a, A), A = (Ai,..., Am), Ai,..., Am > 0, 

a = (ai,..., Om), ai > 02 > ... > Om > 0, C > 0, m = 

y eunadKy napnozo d napuMemp C Mootce 6ymu noKAadenuM pienuM uyAm. 

Jlflu pijioHHcejiBHoro BeKxopa k = (fei,..., fe^), 0 < fei < fe 2 < ... < fed < x mh 6y;];eMo bhkophcxo- 
ByBaxH HacxynHe no3HaHeHHa: ^k^ = (fe 2 ,..., fed-i) (npn pbOMy, aK i pamme, k^ = (fe2,..., fed))- 



TeopeMa 10 Hexau deN, c?>3z0<fei<fe2<...<fed = x— ueeid’eMm ymi hucau, k = 
(fei, ..., kfi). Hexau X nosuauae odun 3 KAacie L^oo(R-) 0^0 AM(M-). Y eunadKy, koau d Henapne, 


{Mk € A^X)} 


ilfk^ ^ int^k2(y) \ \ / 

Mk, > ||0("i)(y,Mk2)|| / V 


r M^ 2 edA^.iX)f]A^.{X) 

V { > 0 

[ Mk, = \\A^^\X,M^,.)\\ 

a y eunadKy, koau d napue. 


{Mk € ^k(^)} 


V 


M^2edA^2{X)f]A^.iX) 

\J\ h=0 

Mk, > ||<))("i)(y,Mk2)|| 


M]^2 G int-Aj^2(^) I \ / 

Mfc, > ll</.("i)(x,M2k2)|| rV 


M^2€dA^2{X)r[A^2iX) 

fei > 0 

Mfc, = ||(/)("i)(y,M2k2)|| 


Mk2 GMk2(X)n^k2(^) 

V<| h=0 

Mk, > \\A^^Hx,M2^2)\\ 


KpiM mozo, Mk € intj4k(y) modi i miAUKU modi, koau Mk 2 € intj4k2(y) i Mk, > \\A^^\X, M]^ 2 )\\ 
(npu nenapnoMy d) ado Mk, > {X, M 2 i^ 2 )\\ (npu napnoMy d). 
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^OBe^eHHH. ^ocxaTHbo flOBecTH BHnaflOK, KOJiH X = LJJ^oo(]R-)- a™ CKopoHeHHH sannciB 6yfleMO 
onycKaTH nosHaneHHH Kjiacy X. 

AoBe;];eMO HeoGxiflnicTb BKasaHHX yMOB. Hexan 


Mk G Ak. 

(8) 

OcKijibKH MHOJKHna Ak 2 e onyKaoio, xo Ak 2 = intAk 2 |J {dA ]^2 f) Ak 2 ). 
a6o Mk 2 G 9Ak2 f) Ak 2 . Hexan 

LJ,e oananae, mo Mk 2 G intAk 2 

Mk2 G intAk2. 

(9) 

Heo6xmHicxb yMoan 


Mk, > U^^^\m^2)\\ 

(10) 

y BHna.ii,Ky nenapHoro d i yMOBH 


Mk, > ||0('^l)(M2k2)|| 

(11) 

y BHna.n;Ky napnoro d BnnjiHBae 3 jiomh [T] — y ami&fXKy napnoro d cam me BayBajKHxn, mo 3 Q xa 


jieMH[T]cjii;];ye, mo BHKOHyeTBCH cxpora HepiBnicxB 


Hexaft 

Mk2 GMk2(X)f|Ak2(X). (12) 

y BHnaflKy Henapnoro d = 2n + 1 cnjiaHH (j)[M]^ 2 ) Mae ne 6ijiBme nijK n — 1 Bysoji, y BHnaflKy napnoro 
d = 2n cnjiaHH (j){M 2 \^ 2 ) — ne 6ijiBme hIjk n — 2 Bysjia. Hexan (JjyHKpia x € L^oo(K-) xaxa, mo 
XI^ 2 (x) = Mi ^2 (y BiinaflKy Henapnoro d) a6o M 2 ]^ 2 {x) = Xl 2]^2 (y BnnaflKy napnoro d). Tofli b cnjiy 
jieMH[T]x^^^) = (j)^^^\M]g. 2 ) y BTLuaffKy nenapnoro d xa = (f)^^^\M 2 ]^ 2 ) y anna^Ky napnoro d. 

y BHna/];Ky nenapnoro d, kojih ki > 0, n,e osnanae, mo = 4 >^^^\M]^ 2 ) (a oxnce = 

||(^(^i)(JVfj^2)||). 5lKmo JK /ci = 0, xo X = 4>{M]^2) + C, C > 0 (a oxnce ||x|| > ||(/>(M]^2)||). Anajiorinno y 
BnnaflKy napnoro d. 

y BHna;];Ky, kojih d nenapne, Mae Micpe Q i y nepiBHOcxi (|10p Mae Micpe piBnicxB, xo 

MkGaAkfjAk, (13) 

ocKijibKH 3 jieMndlcjimye, mo flJin Bcix e > 0 (M^^ — e, Mk 2 , ■ ■ ■, ^ ^k- Anajiorinno y BHna;];Ky, 

KOJIH d napHe, Mae Micpe ([9]) i b HepiBHOcxi (llip Mae Micpe piBnicxb, xo cnpaBe^JiHBe BKjiioneHHH (I13p . 
TaKHM nnnoM, Heo6xiflHicxb HaBe^eHHX yMOB ^^OBe^eno. 

AoBe;];eMO xenep ^ocxaxnicxb BKasannx yMOB. 

Aocxaxnicxb BKaaannx yMOB y anna^Ky, kojih BHKonyexbCH m xa d nenapne oneBHflHa. y BHna/i,Ky 
napnoro d Bi^MixHMO, mo 3 (USD xa jieMH[T]cjimye, mo \\(j)^‘^\M 2]^2 )ll = 

AoBe;];eMO /],ocxaxHicxb y BnnaflKy SHKonannH yMOBH ([9]). 

Po3rjiHHeMO BHna/lOK nenapnoro d = 2n + 1. AocxaxHicxb oneBn/ina y BHna/i,Ky ki = 0, xoMy /lajii 
6yfleMO BBancaxH, mo ki > 0. 

MonceMO BBancaxn, mo b (uni) Mae Micpe cxpora HepiaHicxb. 3 ([9]) cjiiflye, mo /i,jih acix e > 0 
(||(/>(Mk 2 )|| + e, Mfcj,..., Mfc^) G intAK, /i,e K = {0, k 2 , k^,..., k^)- Hexaii an — caMHii npaanii ay- 
30JI cnjianna <j){M-^ 2 ). B CHjiy jicmh [7] /ijih acix e > 0 icnye L^oo(K-) ~ meajibHHH cnjiann = 
•0(e) = 0(a(e),A(A)) A® BeKxopn a(e) = (ai(e), a2 (e),..., a„+i(e)) i A(e) = (Ai(e),..., An+i(e)) Ta¬ 
xi, mo ai(e) > a2(e) > ... > a,i+i(e) = ^ i Ai(e),..., An+i(e) > 0, xaKnn, mo flJia i = 2,...,d 
||0(*^*)(e)|| = Mki i ||0(e)|| = e + ||0(Mk2)||. i = + l noKjia/i,eMO a* := lim ai{e) (npn 

H,bOMy rpannpi Moncyxb 6yxH CKinnenHHMH a6o necKinnenHHMH). 5 Icho, mo a* = oo. rTpnnycxHMO, mo 
(JiyHKpia Ai(e)a)^~^A^) o6MejKeHa npn e —>■ +oo. Tom b cnay aeMH[8] Ai(e)a)^~^'(e) 0 npn e -|-oo 
.ii,aa Bcix i = 2,... ,d. LJ,e 03Hanae, mo ~ ocKijibKH b cnay BayBaaceHna [H] i xoro (JiaKxy, mo 
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a„_|_i(e) = Bci rpaHHii;i a*, i = 2,... ,n + 1, ae MOJKyTb 6yTH cKinHeHHHMH. rioBTopioioHH anajiori- 
HHi MipKyBaHHH MH oTpHMaeMo, mo fljia fleHKoro i = 1,... ,n (JjyHKpia Ai(e)a[~^^(e) e Heo6MejKeHOK) 
npH e —>■ oo. Ll,e osHanae, mo HopMy MOJKHa 3 Po6hth ckIjibkh saBro/iHO BejiHKoro. B CHjiy 

onyKjiocTi mhojkhhh pe osHanae, mo BHKOHyexbCH (j5|). 

KpiM Toro, ocKijibKH npH SHKonaHHi Q pjiH poBijibHoro pjia hkobo BHKOHyexbCH cxpora 

HepiBHicxb cnD, MaeMO dS]), xo pjiH xaKHX € int^k- 

Hexaft xenep d = 2n. B CHjiy jieMH [7] pjia Bcix a > 0 icnye cnjiaftH ip{a) 3 n BysjiaMH, o^hh 3 
HKHX posxainoBaHy y xoapi a xaKHfi, mo BHKonyioxbca pisHocxi M\^ 2 {'ip{a)) = M]^ 2 . IlpH a —)• 0 Mae 
Micpe noxoHKOBa sGijKHicxb V’(®) ^ oxace npn pocxaxHbo MajiHX a )|| < ^fci- 

IlepexopaHH po rpaHHpi npn a —>■ cx) i aacxocoByioHH MipRyBanna aHaaoriani po BHnapKy nenapHoro 
d oxpHMaeMo cnpaBepaHBicxb (j8|). 

TeopeMy poBepeno. 

3ayBa:aieHHH 7 TeopeMa[T^e ananoeoM peayAbmamie §6 ZAaeu 2 e m- 
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